Biobased polymers are rapidly emerging as one of the alternatives to synthetic polymers based materials due to the rising environmental awareness and augmented consumption of nondegradable polymers. In the present work, surface characteristics of biorenewable soy flour (SOY) were tailored via free radical induced graft copolymerization of acrylonitrile (AN) to develop the novel materials for multifunctional applications. A number of reaction parameters were optimized to get the maximum percentage of grafting. The synthesized acrylonitrile grafted soy (AN-g-SOY) copolymers were characterized using Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and thermogravimetric analysis (TGA). Polymer composites were also prepared using the pristine SOY/ AN-g-SOY as the reinforcement and poly (methyl methacrylate) (PMMA) as the matrix. It has been perceived from the dynamic mechanical analysis results that acrylonitrile grafted SOY exhibit significantly enhanced storage modulus compared to the pristine SOY reinforced polymer composites.
Introduction
Last few decades have seen an enormous interest in the use of polymer based materials for a number of applications ranging from biomedical to automotive as well as components of aircraft due to their outstanding properties such as low cost, great versatility, low density, copious availability, ease of processing, little damage during processing, tailor ability etc. [1] [2][3] [4] . In particular, the light weight characteristics of polymers based materials have direct impact on the fuel economy in the automotive field [5] [6] [7] [8] . Among various polymeric materials, biorenewable polymers are rapidly emerging as an alternative to traditional synthetic polymers due to the non-biodegradable nature of the synthetic polymers combined with the environmental/ health risks [9] [10] [11] [12] . Biorenewable polymers based materials derived from different natural resources offers a number of significant advantages over the synthetic polymers based materials such as biodegradability, environmental friendliness, acceptable specific strength and modulus, low cost, acoustic property, nonabrasive, low density, easily available, and easy recyclability [13] [14] [15] [16] . Different kinds of biobased materials have been used in a number of applications especially in the preparation of polymer composites [17] [18] [16] . In fact the engineering applications of bio based polymer composites have replaced a number of materials in the application areas where synthetic fiber-based polymer composites were in fashion [19] [20] [21] .
Among various biorenewable polymers, soy based materials namely soy protein, soy concentrate and soy flour have high potential to be used in multifunctional applications due to the inherent properties of these soy products such as biodegradability, renewability, economic, functional properties, environmental friendliness etc. [22] [23] [24] . As a results of these advantages, recently the use of soy based products as one of the component in developing novel polymer composites has got greater attention of researchers [25] [26] . Compared to the petroleum based polymeric materials, the use of soy gives the new economic, environmentally biodegradable, and potential recyclable engineering materials [27] . These materials have enhanced energy recovery, lower greenhouse gas emissions, low dependence on non-renewable energy, no dependence on petrochemical resources and lower pollutant emissions [13] [28] . In spite of the immense advantages, use of soy as the reinforcement in the preparation of polymer composites have been restricted due to its poor wettability, higher water absorption, high moisture absorption tendency, and low thermal stability during processing as well as poor adhesion with the hydrophobic polymers used as matrix materials [16] . The effect of absorption of water/ moisture in the polymer composites ultimately leads to the degradation of the polymer composites [9] . Most of the times, the degradation starts from the fibre-matrix interface region that creates the poor stress transfer efficiencies and results in the reduction of mechanical and other properties [9] .
It has been reported in several studies that using the suitable surface modification techniques, the sensitivity of the certain physico-chemical, mechanical and thermal properties of the polymers towards moisture can be efficiently reduced [9] [29] . A number of techniques have been used to alter the surface characteristics of the biobased polymers [30] [11] [31] [32] . Among these techniques, graft copolymerization is one of the most imperative method to introduce the desired functionalities into the biorenewable polymers. Graft copolymerization has been reported to be highly effective in incorporating the hydrophobic characteristics in a numbers of polymers as well as improving the compatibility between the matrix materials and the reinforcement [33] .
A limited information is available in the existing literature on the use of vinyl monomers for the graft copolymerization of soy flour to induce the hydrophobic characteristics. So the present paper tries to explore the potential utilization of acrylonitrile monomer to graft copolymerize soy.
The present work deals with the synthesis and characterization of acrylonitrile graft soy (AN-g-SOY) and the utilization of AN-g-SOY for the preparation of polymer composites.
Experimental

Materials
In the present research work, Soy flour (SOY) was procured from ADM Specialty ProductsOilseeds, Decatur, IL, USA. The reaction monomer acrylonitrile (AN) used in this work along with the initiator, ammonium persulphate (APS) and poly (methyl methacrylate) (PMMA) polymer was purchased from Sigma Aldrich. All chemicals were used as received from their vendors, without any additional purification.
Preparation of Acrylonitrile grafted SOY copolymers (AN-g-SOY)
Prior to the initialization of the graft copolymerization reaction, in a reaction flask a solution having a pH between 10 to 12 was prepared by the slow addition of sodium hydroxide.
The prepared solution was subsequently utilized in the synthesis of the soy flour based graft copolymers. 2g of SOY was added into this solution and stirred well for 60 minutes at 95°C to form a homogeneous suspension. Sodium metabisulfite was then slowly added into this homogenous solution to cleave the disulfide bonds to facilitate the graft copolymer synthesis reaction. The reaction was carried out at 85°C for a time interval of 2 h to ensure the efficient cleavage of the disulfide bonds. The temperature of reaction was then adjusted to 75°C followed by the addition of requisite amount of the APS initiator and AN monomer. The resulting reaction solution was allowed to react at 60°C and after 5 h the reaction was ended. After reaction, the product formed as a result of graft copolymerization synthesis was poured into an excess solution of sodium hydroxide to precipitate the graft AN-g-SOY copolymers. The graft copolymer sample was thoroughly washed with distilled water and then dried. In order to further remove any traces of polyacrylonitrile homo-polymer (formed during grafting/ self polymerisation), the AN-g-SOY copolymers was soxhlet extracted with dimethylformamide (DMF) at ambient laboratory conditions for 24 h. The DMF extracted AN-g-SOY samples were then dried at 50°C for 24 h.
The percentage of grafting was calculated using the following equation:
Where W: weight of pristine SOY;
Wg: weight of AN-g-SOY
Preparation of polymer composite films
The pristine SOY and AN-g-SOY samples were dried in a hot air oven at 70°C for 24 h to remove any moisture content. Subsequently, pristine pure PMMA polymer and the pure SOY along with AN-g-SOY samples at loading of 5 weight % loadings were processed by melt mixing at 200°C using a twin screw microcompounder [24] . In order to ensure the homogenization of melt, the residence time for the (SOY / AN-g-SOY)/ PMMA melt in the barrel was maintained at 5 minutes. The extruded samples of PMMA and its respective composites with pure SOY/ AN-g-SOY were pelletized and compression molded at 210°C to prepare films with dimensions of 50 × 50 × 1 mm using a compression molding machine [24] . 
Results and Discussion
Biorenewable polymer based materials are being envisioned as the materials of future due to their outstanding properties especially environmental friendliness and low cost. Biobased materials e.g. soy flour (SOY), soy protein concentrate (SPC) and soy protein isolate (SPI) are such low cost materials and have been used in the preparation of green polymer composites [23] [24] [25] [26] [27] [28] . Among the different derivatives of soybean, soy in the form of soy protein concentrate (SPC) and soy protein isolate (SPI) has been frequently used as matrix for development of green composites [23] [24] [25] [26] [27] [28] . However, limited attention has been paid to the use of soy flour in the preparation of polymer composite in spites of the fact that it is cheapest among all the derivatives of soybean and is frequently considered as waste material [24] . Soy flour has been reported to be composed of protein and carbohydrates as the main constituents. Soy flour procured from different resources generally contain approx. 56 % protein and carbohydrates. The availability of copious hydroxyl and amino groups on the soy backbone facilitates its modification through free radical induced graft copolymerization. In the present work during the graft copolymerization of acrylonitrile (AN) onto SOY, the initiator (APS) plays one of the most imperious role. APS initiator facilitates the creation of reactive sites on the polymer backbone for the graft copolymerization synthesis. The graft copolymerization of acrylonitrile onto SOY proceeds through three steps namely chain initiation, propagation and termination. Scheme 1-2 depicts the plausible mechanism for the free radical induced graft copolymerization of AN onto SOY [11] [20] .
To obtain the SOY copolymer with optimum amount of grafted AN, different reaction parameters were optimized by studying the diverse reaction conditions as discussed in the following section 
Characterization of Pristine SOY and EA-g-SOY Copolymer
The FTIR spectra of pristine SOY and AN-g-SOY are shown in Figure 6 Scanning electron micrographic images of the pristine SOY and AN-g-SOY are shown in Figure 10 -11. These images depicts the transformation in surface morphology of SOY subjected to free radical induced graft copolymerization with acrylonitrile. From these images, it is clear that significant morphological changes occurs in the surface of SOY as a result of graft copolymerization. Pristine SOY was found to exhibit a smooth morphology compared to the ANg-SOY. The changes in the parental morphology of SOY can be attributed to the covalent bonding of the AN monomer with the peptide/ S-S linkages and OH groups.
Preparation of the SOY reinforced polymer composites
Polymer composites were also prepared using PMMA polymer as the matrix material and reach an optimum value as the storage modulus (E′) decreases due to the fact that at higher temperature the molecular segments are quite free to move [35] .
Conclusion
Soy flour is an abundant, environmental friendly, economic and biorenewable material.
Different kinds of soy based materials have attracted considerable attention of industry in the field of packaging, biomedical and food. However, little efforts have been put to use the soy flour as the reinforcing materials due to its hydrophilic nature. In this work, soy flour was modified with acrylonitrile monomer to overcome its shortcoming for its multifunctional applications in polymer composites. From this study, it was concluded that SOY can be easily grafted with acrylonitrile to incorporate the desired hydrophobic functionalities using APS as the reaction initiator. Different parameters were optimized to get the optimum percentage of grafting (152 %) and it was determined that each reaction parameter plays an important role in determining the overall percentage of grafting. The AN-g-SOY was further used as reinforcement in PMMA polymer matrix and the resulting composites exhibit enhanced dynamic mechanic properties compared to the pristine SOY reinforced PMMA polymer composites . 
